Influenza has been long-recognized as an important cause of morbidity and mortality in human populations, leading to development and use of vaccines intended to reduce consequent health and economic impacts. Since 1918, four influenza A pandemics have caused substantial numbers of illnesses and deaths, but annual epidemics caused by influenza A and B viruses have arguably taken a greater toll. Nevertheless, measuring the influenza virus-related burden of disease poses challenges. While influenza A and B viruses cause acute febrile illness, much of the resulting morbidity and mortality is due not to primary influenza illness but to complications and secondary infections not unique to influenza, although most patients no longer have detectable influenza virus when complications develop. Thus, while influenza may lead to exacerbations of many conditions (e.g., chronic obstructive pulmonary disease (COPD), congestive heart failure, and asthma); increased risk of myocardial infarction, cerebrovascular accident, and death due to diverse causes; and increased fetal loss in pregnant women, determining what proportion of such outcomes are attributable to influenza virus is complex, particularly in infants and frail older adults [1] [2] [3] [4] [5] [6] [7] . While influenza virus may increase the likelihood of pneumonia and bacteremia caused by S. pneumoniae, H. influenzae b, and S. aureus (including methicillin-resistant S. aureus), these bacterial infections also occur in the absence of influenza virus infection [8] [9] [10] [11] [12] . Other challenges to studying the burden of influenzaassociated illness and death include lack of access to sensitive and specific diagnostic tests, difficulty obtaining specimens for testing, the unpredictability of influenza epidemics (and pandemics), and the cost and complexity of assembling and following large cohorts.
Determining the burden of morbidity and mortality (and resultant economic impacts) attributable to influenza viruses is critical to informing decisions regarding control programs. Particularly in poor countries, where immunization programs are regularly urged to improve coverage of current vaccines while adding new vaccines, decisions concerning the use of influenza vaccines in the absence of a pandemic would benefit from accurate information on the burden of influenzaassociated illness and death. Because available influenza vaccines must be formulated and administered annually, their addition to immunization programs in low and even middleincome countries is all the more burdensome, and their value for preventing morbidity, mortality, and economic loss is critical to establish. Here, we review the challenges to estimating the burden of influenza-associated morbidity and mortality. The focus of this review is on illness and death caused by influenza viruses readily transmissible between humans, despite the fact that transmission of avian influenza viruses (e.g., H5N1, H7N9, etc.) to humans can occur and produce lifethreatening illness.
Types of Outcomes
Overwhelming evidence indicates that influenza viruses cause acute infection in the lower and upper respiratory tracts. Often, such illnesses are subdivided for surveillance and disease burden estimation into influenza-like illnesses (ILIs) and severe acute respiratory infections (SARIs). Much of the effort to assess the burden of illness attributable to influenza has relied on surveillance and testing of specimens from patients with ILI, pneumonia, or SARI or from individuals dying of an acute respiratory infection. Other types of studies (e.g., ecologic, modeling) often use "pneumonia and influenza" cases or deaths or all-cause mortality as outcomes.
When individuals are followed over time in either a clinical trial or a cohort study, it is possible to calculate the incidence of acute respiratory illness (ARI), ILI, pneumonia, SARI, and SARI-associated deaths, although large numbers of individuals must be followed to produce reliable estimates of the incidence of SARI, and even larger numbers to produce reliable estimates of SARI-specific mortality. Testing individuals for influenza virus can help determine the incidence of influenza-associated illness and mortality, although attributing an illness or death to influenza virus based on test results may be challenging. Without denominators and ascertainment of all episodes of illness, ILI and SARI surveillance programs can produce information regarding the proportions of such medically attended illnesses in which there is evidence of influenza virus infection but cannot produce accurate incidence rates. Additionally, such surveillance systems do not detect presentations of influenza virus infection that do not meet the surveillance definition (e.g., afebrile).
Furthermore, respiratory infections may account for only a small proportion of the morbidity and mortality caused by influenza. Acute respiratory infections, including those caused by influenza viruses, can exacerbate asthma and COPD, yet in few such episodes is testing for influenza undertaken [2, 3, 5] . Acute influenza can also lead to decompensation of patients with congestive heart failure or diabetes mellitus and to an increased risk of myocardial infarction and cerebrovascular accident, but such patients are rarely tested for influenza [1, 4, 6, 7] . Similarly, influenza virus can cause acute otitis media and is associated with increased risk of Guillain-Barŕe Syndrome [13, 14] . Collectively, these non-specific adverse health outcomes may produce as high a disease burden as ILI and SARI. In addition, delayed effects of infections will be overlooked by standard approaches to assessing influenza-related burden of illness.
Factors Influencing the Epidemiologic Features of Influenza-Related Illness
Because the burden of illness attributable to influenza in a population depends on who is acquiring it, it is important to consider variations in the descriptive epidemiologic features of influenza. Excluding pandemic influenza, for which the descriptive epidemiologic features of both morbidity and mortality patterns differ, young children experience the highest rates of influenza virus infection and illness and play a central role in transmission of the virus, while it is older adults and young infants who experience a disproportionate risk of severe illness, hospitalization, and death. The presence of underlying chronic conditions (e.g., cardiovascular disease, neuromuscular disease, immunosuppressive medications, and immunodeficiency) increases the risk of severe influenza, so the prevalence of these conditions can influence the proportion of influenza illnesses that are severe or fatal [15, 16] . Conditions such as malnutrition, pregnancy, immediate postpartum period, and obesity (especially morbid obesity) may also increase the risk of severe or fatal influenza [15, 16] .
Other factors include climate, which plays an important role in the spread of influenza viruses, with welldocumented seasonal peaks of influenza illness and death in populations in temperate climates. The epidemiology in tropical climates is more complex, with diverse seasonal patterns having been described. Demographic factors, such as age distribution, household size, child-spacing, and crowding, likely influence the descriptive epidemiologic features of influenza.
Also important is which influenza virus type (A vs. B) and subtype (H1N1 vs H3H2) or lineage (Yamagata vs. Victoria) is circulating/predominates in a given year and the distribution in the population of immunity to those strains, as a result of prior infection or recent vaccination with an antigenically similar strain. Other factors likely to influence risk of a severe or fatal outcome are the availability of medical care, (e.g., oxygen, ventilatory support), the prompt use of anti-viral drugs, and the use of antimicrobials to treat concurrent or resultant bacterial infections. Also relevant is the use and coverage with vaccines to prevent bacterial infections, (e.g., S. pneumoniae polysaccharide and conjugate vaccines, and Haemophilis influenza type b (Hib) vaccine), which not only prevents secondary bacterial infections in individuals with influenza but appears also to prevent a proportion of viral pneumonias [17] . Thus, many constantly evolving factors influence the descriptive epidemiological features of influenza-related morbidity and mortality.
Diagnostic Tests
While some approaches to estimating the burden of influenzaassociated illness and mortality do not rely on the use of diagnostic tests, studies of ILI, SARI, and pneumonia almost invariably collect and test specimens. Many older testing methods lacked sensitivity and/or specificity or were difficult to perform. Use of acute and convalescent sera to detect rising antibody titers has always been limited by the difficulty of obtaining these samples, particularly in infants and children. The widespread use of RT-PCR-based and rapid, point-of-care diagnostic tests has revolutionized the study of the role of influenza virus in respiratory infections. While rapid, pointof-care diagnostic tests certainly have their uses, it is important to note that they are generally less sensitive then molecular diagnostic methods [18, 19] . Although RT-PCR has become the standard method used in such studies, studies that have also incorporated serologic testing of patients hospitalized with pneumonia have shown that substantial proportions of influenza-associated cases were detected only by serologic testing [20, 21] .
Detection of Multiple Pathogens
The use of multiplex panels to test respiratory samples for multiple pathogens has illuminated the difficulty of assessing the etiology of respiratory infections. When multiple pathogens are detected, it is unclear if one pathogen is causing the illness or if collectively they are responsible for the illness. Viruses detected may be the immediate cause (e.g., primary viral pneumonia), on the causal pathway or non-causal (e.g., prolonged viral shedding or incidental infection). While many respiratory viruses, including influenza, have been found in asymptomatic individuals [22, 23] , the prevalence of influenza virus is typically higher in cases than controls [22] . However, analyzing a single specimen may still not identify an agent involved either earlier or later in the disease process. Studies that test for a single virus or fail to include community controls are likely to misattribute (and possibly overestimate) the number or incidence of illnesses caused by that virus.
Causal Inference
Since the dissemination of Koch's Postulates, we have developed a more nuanced understanding of the roles of host and environmental factors that, together with the characteristics of the microbial agents, combine to either produce disease or not. Attempts to develop an alternative set of criteria upon which to base the attribution of a case to a microbial agent have not produced a universally accepted substitute. As we come to understand what a small proportion of the human microbial flora can be cultivated and the effects of the microbiome on health, the need for better criteria for ascribing a causal role in disease to one or more microorganisms has increased.
Many microorganisms, including diverse viruses and bacteria, can be present in the respiratory tract without any discernible effects on health. Regardless of the duration of such infections, that such microorganisms can be present in the respiratory tracts of asymptomatic individuals complicates the causal interpretation of detecting these agents in respiratory specimens from symptomatic individuals. Even specimens from the lower respiratory tract can contain microorganisms that are not harmful. One approach to this problem is to test specimens from non-ill individuals (i.e., controls) enrolled contemporaneously, which can provide useful information on the prevalence of asymptomatic respiratory infection with various microorganisms. The selection of controls, however, has to be carefully planned and executed to avoid selection biases.
Case Definitions
The findings concerning which microorganisms are found in respiratory samples vary with the type, anatomical site, and severity of infection. Consequently, if results from diverse studies, locations, and time periods are to be usefully considered, standardized case definitions must be used. Recently, the World Health Organization (WHO), Centers for Disease Control and Prevention (CDC), and researchers have developed case definitions for studies of ILI and SARI. In 2015, WHO set out the following case definitions [24] for use in sentinel surveillance programs:
Influenza-Like Illness
An acute respiratory infection with fever ≥ 38°C and cough with onset within the last 10 days.
Severe Acute Respiratory Infections
An acute respiratory infection with history of fever or measured fever ≥ 38°C and cough with onset within the last 10 days and requires hospitalization.
Many investigators now use these definitions, although frequently modified. Different case definitions are used for young children (< 5 years) and for older children and adults.
Close attention to case definitions is necessary in studies of respiratory infections because the sensitivity, specificity, predictive value positive, and predictive value negative of the case definition(s) may vary. Indeed, the SARI case definition may have varying sensitivity and specificity by age, resulting in the failure to detect many severe acute respiratory illnesses in which there is evidence of influenza virus [25] .
Biases
Given the many variables that influence the risk of influenza, the severity of illness that results, and the likelihood of a fatal outcome, confounding is a potentially serious problem in studies reporting on risk factors for influenza. Important possible confounders in such studies are age, underlying disease status, and variables related to socioeconomic status, including household crowding, education level, and income.
More important in studies attempting to measure the burden of disease attributable to influenza are selection and information biases. Facility-based studies that assess which etiologic agents are present in ill individuals rely on individuals to seek care at facilities where surveillance is in place; such individuals are only a subset of people in the community with the same illness, and many factors influence care-seeking behavior. Thus, those coming to sites with ILI and SARI surveillance may not be representative of those in the community with the same clinical manifestations. This is likely to be less of a problem for severe clinical illnesses (e.g., SARI) than for milder illnesses (e.g., ILI), but the availability of alternative healthcare facilities and the extent to which traditional healers are utilized may influence the amount of selection bias that results. If a specimen requires uncomfortable or invasive collection methods, those agreeing to specimen collection may differ from those who refuse, possibly introducing additional selection bias, as might other factors that influence whether eligible study subjects agree to provide specimens or information. In addition, in the hospital setting, specimens may not be obtained from the sickest patients, who often are not enrolled in studies or selected for surveillance.
Potentially the most problematic information bias in studies of the burden of illness attributable to influenza is misclassification of individuals regarding the etiologic role of influenza virus in the outcome. Depending on the timing and types(s) of specimens obtained and the laboratory methods applied, studies may underestimate or overestimate the number, proportion, and rate of respiratory illnesses caused by influenza viruses. While RT-PCR testing of respiratory specimens is now the "gold standard" for confirming the presence of influenza virus, the test results may still lead to misclassification of the etiology of illness, depending on when the specimen is obtained during the illness. Serologic testing of acute and convalescent samples is necessary to identify additional infections. Conversely, without information on the prevalence of influenza virus infection among appropriately selected, contemporaneous controls, illnesses might be attributed to influenza virus when it is an "innocent bystander" and not the cause of the illness.
Other biases can occur in ecologic studies of the burden of illness attributable to influenza. Such studies examine trends in mortality from or hospitalizations for selected health outcomes, irrespective of whether cases are tested for influenza. These studies attempt to estimate the numbers or rates of excess illnesses, hospitalizations, or deaths when influenza viruses are circulating, in categories such as "pneumonia and influenza" and "underlying respiratory and circulatory." Calculations can be made for a given country or region, age group, or year/influenza season, and for when a given influenza virus type or strain predominates. Depending on the health outcomes, these calculations yield either a lower or an upper bound on the impact of influenza-related illness or death. These studies use statistical approaches to control for the effects of other factors that might influence rates of illness, hospitalization, or death (e.g., circulation of other infectious agents) but remain susceptible to the biases that can affect any ecologic study.
Study Designs
Some key considerations should be taken into account when interpreting the findings from studies examining the burden of influenza-associated respiratory illness.
Surveillance/Case Series
The most common approach to assessing the role of influenza viruses in acute illnesses has been facility-based surveillance in the outpatient or hospital setting. Depending on the outcome of interest (ILI, SARI, or pneumonia), surveillance may occur at a number of sentinel sites or at all clinical sites serving the population. Clinical and demographic data are collected, including outcome, and specimens are obtained from all or a sample of those seen who meet the case definition(s). The proportions of illnesses/syndromes in which there is evidence of influenza virus infection, either as the only etiologic agent or in combination with other agents, are calculated. These same surveillance systems can help monitor circulating influenza strains and serve as sources of cases (and often influenza-negative controls) for studies of influenza vaccine effectiveness or risk factors.
Unlike ILI and SARI, deaths attributable to influenza have rarely been the focus of epidemiologic studies or surveillance systems, especially in low-and middle-income settings. Among the challenges to surveillance and studies in lowincome settings are the occurrence of deaths outside of healthcare facilities and the difficulty in obtaining specimens for testing.
Studies and surveillance systems that report only the proportion of cases with laboratory evidence of influenza virus yield limited information on the burden of illness, although they play an important role in annual influenza vaccine strain selection. It is possible to calculate incidence (often agespecific) of medically attended illnesses or deaths with laboratory evidence of influenza when the data generated are population-based, the population size is known, and information is available on care-seeking behaviors by ill individuals in the community. The latter is particularly needed when the outcome is mild (e.g., ILI) or when those with severe illness may not have access to or seek care from western-style providers. Adjustment for potential confounding factors (e.g., travel time to a healthcare provider) can improve the accuracy of such calculations.
As described above, case definition and choice of diagnostic tests may influence the observed incidence of influenzaassociated respiratory illnesses and deaths. Also important is consistent data collection across multiple years or influenza seasons, given the substantial variability in circulating types and strains of influenza virus and in coverage and effectiveness of influenza vaccines. Finally, the absence of information on the contemporaneous prevalence of influenza virus infection among comparable non-ill individuals in the community may limit causal conclusions regarding influenza viruses and respiratory illnesses.
Case Series with Contemporaneous Controls (Case-Control Studies)
Case series may incorrectly attribute an episode of ILI or SARI to a microorganism that, while present in the respiratory tract, is not the cause of the illness. To further investigate the etiologic role of viruses detected in patients with respiratory illness, case-control studies that compare the prevalences of various viruses in cases with the prevalences in controls have been conducted. Studies may report simple prevalences of a given virus, calculate odds or risk ratios, or assert a more causal interpretation by presenting the attributable proportion total or the attributable proportion exposed. Because these studies have generally found very low prevalences of influenza viruses among controls, the odds or risk ratios reported have been high, the "adjusted prevalences" of influenza viruses among cases have been only marginally lower than the unadjusted prevalences, and the attributable fraction has been high (e.g., 80-90%) [26] [27] [28] [29] .
We urge caution in interpreting the results of such casecontrol studies. Matching controls to cases closely on age and time is critical. Even a short delay in enrollment may affect the prevalence of respiratory viruses in the community. Also, the criteria for enrolling controls are important. Most studies have limited controls to individuals who were asymptomatic for the 14 days prior to enrollment and sampling. Few studies have followed up controls to assure they remain asymptomatic. It is unclear whether these approaches to identifying controls, often from individuals coming to healthcare facilities, produce controls representative of the source population of the cases.
The optimal criteria for selecting control subjects remain the subject of debate, and many case-control studies have enrolled convenience samples as controls. "Pathogen load," as determined by quantitative PCR, might be useful to measure and compare between cases and controls, although this approach is likely to be informative only if influenza virus is detected in a non-negligible proportion of controls. In a recent study of the association of cycle threshold (CT) values with upper respiratory infection, outpatients and inpatients both had lower CT values (i.e., a higher viral load) than influenza-positive asymptomatic controls. However, there was no clear relationship with disease severity; outpatients had, on average, lower influenza CT values than did inpatients [30] . Results concerning the relationship between CT value and clinical severity from other studies have been mixed [31] [32] [33] [34] .
Cohort Studies
Cohort studies have advantages, including measurement of risk factors before the outcome occurs and the ability to study multiple outcomes, and disadvantages, such as cost, length of time to complete, and inefficiency for rare outcomes. The control group of an experimental study can also be used as a "cohort" to measure incidence of various outcomes. To capture episodes of respiratory illness that might not lead to a visit to a health provider, subjects must have frequent active follow-up, e.g., weekly or bi-weekly household visits. Because of the expense and logistical challenges, such studies have been conducted infrequently, but those with active follow-up have reported higher levels of influenza illness and the highest estimates of the burden of influenza [35] .
Nested Case-Control Studies
Case-control studies conducted within a well-defined, longitudinal cohort, can yield incidence of the outcome(s) under study and allow evaluation of risk factor data from the overall cohort. In a nested case-control study, not only is it possible to calculate incidence rates of ILI and SARI in which influenza virus is detectable, but by making comparisons to appropriately selected controls within the cohort, the proportions of such illnesses attributable to influenza may be calculated. However, appropriately apportioning cases when multiple possible etiologic agents are present remains a challenge.
Modeling Studies and Time Series Analyses
The previous study designs all involve testing specimens from patients with evidence of a respiratory infection for influenza virus. As discussed earlier, such illnesses comprise only a fraction of the sequelae likely attributable to influenza. However, other sequelae, such as COPD exacerbation and myocardial infarction, can have other etiologies, and testing for influenza virus is rarely undertaken in such cases. Consequently, other techniques can be used to estimate overall influenza-associated morbidity or mortality.
One approach uses statistical models to estimate excess deaths or hospitalizations when influenza virus(es) are circulating, compared to periods with no circulating influenza. Such studies have usually been done for high-income countries but can be performed for any region where the circulation of influenza viruses has a defined seasonality or virological results are available to inform models [36] [37] [38] . These models ideally account for the circulation of other seasonal microorganisms that cause respiratory infections (e.g., RSV). Models are more difficult to construct for populations in which influenza viruses circulate throughout the year or if the seasonality is poorly characterized or unpredictable. These models require reasonably reliable population-level vital statistics data, including information on at least broad categories of primary and underlying causes of death, lacking in many countries. Two categories of underlying causes of death are generally examined, "pneumonia and influenza" and "respiratory and circulatory"; the former estimates a lower bound and the latter an upper bound on the number or rate of influenza-associated deaths or hospitalizations. These data, stratified by age, can estimate years of life lost attributable to influenza-associated mortality, including by different influenza virus types or strains [39] .
Two examples of modeling studies include the Child Health Epidemiology Reference Group and the Global Burden of Disease (GBD) Study ( [40] [41] [42] . These efforts focused on estimating burden of influenza-related pneumonia/ lower respiratory infections but made no attempt to estimate the burden of illness or death attributable to influenza in other disease outcomes. As with any modeling effort, the model output is dramatically affected by the model and the inputs used, as demonstrated by the substantial difference in the estimated annual numbers of deaths in children < 5 resulting from a change in the modeling approach used to produce GBD estimates between 2010 and 2015(119,000 in GBD2010, but only 10,200 in GBD2015) [40, 42] .
Factors that may affect burden estimates from modeling studies include the choice of model, time period covered, level of aggregation of data, quantity and quality of virological data available, and use of overall or strain-specific virological data.
Various other modeling approaches used to estimate the amount of mortality or excess mortality "attributable" to influenza virus do not require testing specimens from patients with the diverse other medical conditions plausibly caused or exacerbated by influenza. When carefully and thoughtfully designed, analyzed, and interpreted, such studies can add to what is known about the health impacts of influenza, at least with regard to mortality and hospitalizations. However, a number of cautions are warranted. The paucity of reliable data from some regions (e.g., Africa and South Asia) limits the ability to make reliable local estimates. Second, because many recent modeling efforts have focused on the 2009 pandemic, the results may not be applicable in the context of annual influenza epidemics, or even to future pandemics [43] [44] [45] . Annual influenza epidemics have age-specific morbidity and mortality patterns that are markedly different from those seen in influenza pandemics, and future pandemics are likely to be caused by a different influenza virus, as well as occur in a different setting with regard to the distribution in the population of pre-existing immunity to the influenza virus causing the pandemic. Finally, studies of mortality or excess mortality, while capturing an important component of the burden of influenza-associated illness clearly do not capture morbidity.
Vaccine Probe Studies
Given a vaccine of known efficacy against illness caused by the specific etiologic agent, a vaccine probe study allows the calculation of the proportion of such illnesses caused by that etiologic agent (i.e., etiologic fraction), as well as the difference in the incidence of the illness between vaccinated and unvaccinated people (i.e., vaccine-preventable disease incidence) [46] . If the efficacy of the vaccine against illness caused by the etiologic agent is not well-defined, a nested study within the vaccine probe study is needed to generate that information. Vaccine probe studies have proven to be very informative with regard to estimation of the proportion of pneumonias attributable to bacterial pathogens (e.g., Hib and S. pneumonia) and how much illness and death can be prevented with these bacterial conjugate vaccines [47] [48] [49] [50] . Vaccine probe studies have been used rarely to investigate influenza viruses [51] [52] [53] [54] . Influenza vaccine probe studies are a potentially attractive approach to estimating what proportions of various health outcomes are attributable to influenza and how many illnesses (and possibly deaths) can be prevented by influenza vaccines.
However, given the variation in the effectiveness of influenza vaccines, as well as recent evidence that live-attenuated influenza vaccines have substantially lower efficacy than initially demonstrated, issues related to influenza vaccine probe studies require careful consideration. Such studies will have to be of adequate size to produce useful estimates of the amount of vaccine-preventable illness (and possibly deaths), include nested studies of vaccine efficacy against laboratoryconfirmed influenza infections, and be carried out in multiple settings and across multiple influenza seasons. Such studies will be large, complex, and expensive. Given the unpredictability of influenza, even large and expensive studies of this type may fail to provide robust estimates of the burden of illness attributable to influenza, and these estimates may or may not be applicable in other settings, seasons, and patient populations.
Discussion
With finite resources to devote to health promotion and disease prevention, one reason to establish the magnitude of influenza-associated morbidity and mortality is to quantify the proportion of such outcomes potentially preventable through immunization. In low-and middle-income countries, annual influenza immunization has not been considered a high priority, although the 2009 H1N1 influenza pandemic fostered new interest in this area. Much of the subsequent research and surveillance activity has focused on ILI and SARI, two wellestablished outcomes of influenza infection. As alluded to above, however, substantial evidence suggests that influenza can produce a diversity of acute adverse health outcomes and longer-term effects. Other than modeling/time series studies and vaccine probe studies, research on the role of influenza virus as an etiologic agent answers a narrow question concerning respiratory illnesses and typically cannot, by design, provide information on its possible role in other illnesses.
The design and the interpretation of the results of studies of the etiologic agents responsible for cases of respiratory illness are complicated, and generalizing their results to larger populations or to other time periods is fraught with challenges related to choice of diagnostic technology, case definition and control selection, and analytic model. Attributing a given illness to influenza virus when multiple microorganisms are detected in a single specimen remains a challenge. To calculate accurate incidence rates of influenza-associated ARI, ILI, pneumonia, or SARI, approaches that take into account careseeking behaviors and the factors that influence such behaviors, together with accurate information concerning the size and composition of the source population, are needed.
Also important in summarizing what is known about the burden of illness attributable to influenza virus is the variability in that burden. Unlike some infectious diseases, the burden of influenza-associated illness and death is highly variable, by geographic region and over time. There is substantial variation in the overall and the age-specific burden of influenza-related morbidity and mortality, depending on which influenza virus(-es) predominate. Not only are severity of illness and the age groups at greatest risk of severe illness and death different in the context of pandemic vs. annual epidemic influenza but they also differ, depending on the type or subtype of influenza that predominates. Thus, the findings concerning the burden of illness vary by year and by season, at least in temperate climates, where influenza shows marked seasonal peaks. Thus, data collected over multiple years and across all seasons need to be collected and compiled for studies of influenzaassociated illness to be most useful.
Other factors are likely to influence the amount of influenza-related morbidity and mortality and its distribution within a population. In countries administering influenza vaccines to a sizeable proportion of the population, influenza vaccine coverage and vaccine effectiveness against predominant strains, both of which can vary substantially, will influence the findings of studies of influenza burden of disease. Use of other vaccines, particularly Hib and S. pneumoniae polysaccharide and conjugate vaccines, is likely to have an impact on the burden of disease attributable to influenza, to the extent that a preceding or concurrent influenza virus infection predisposes to bacterial pneumonia. The prevalences of diverse chronic conditions, particularly untreated HIV infection, but also such conditions as obesity and malnutrition, are likely to influence the severity of and risk of dying associated with influenza virus infection. And demographic factors are plausible modifiers of the distribution of influenza infection and influenza-related illness in the community. To be most informative, studies must not only cover multiple seasons/ years but represent a number of different geographic settings and epidemiological situations.
Summary
Overall, deriving precise and reliable estimates of the burden of illness attributable to influenza virus infection, either by country/region or globally, is made difficult by numerous methodologic challenges. No single study or study design can provide all of the information needed to estimate influenza-related morbidity and mortality, although welldesigned and executed vaccine probe studies of sufficient size can add substantially to our knowledge base.
